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ABSTRACT

To determine the optimum configuration of pits for protecting generators from

blost loading, tests were conducted using the NCEL Twelve-Inch Shock Tube. The
effects of overpressure and dynamic pressure were considered separotely. Over-
pressure was measured quantitatively by o pressure cell mounted in the bottom of

the mode! pii; dynamic pressure was measured qualitatively Sy observing the bending
of 3- or 4-inch lengths of 1/16-inch solder. Far the overpressure *ests. the mode! pit
was mounted inside the shock tube. For the dynamic pressure tests, the model pit was
mounted ou\ ide, at the outlet of the shock tube.

Various parcpets and covers (including grating: and special structures) were

installed around or owur the pit. No parapets or covers were found that appreciably
reduce the overpressure in the pit, but all reduce the dynamic pressur: to some extent,

ihe parapets make the least reduction, and the gratings the most. Special structures,

such os louvres, reduce dyramic pressure by various amounts according 1o their design,
but simplicity and effectiveness make the use of gratings appear more promising.

Quotified requenters may obtain copies af this repart brem DDC.
The Labaratory invites com-u:* on thes report, part,cutarly on the
tesults obtained by those who have opplred the infa-mation.
This work spansared by the Defense Atomic Suppart Agency
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INTRODUCTION

One of the deficiencies obsarved during full-scale tests of protective shelters
was the inadequate design of generator pits, leading to domage of the generctors. !

The investigation reported here discusses model studies of severci parapets and covers
" which con be applied t> pifs to give graater protecti.n to the equipment within.

The mode! studies were made in a shock tube where the shock was created by o
compression chamber and o frangible diaphragm.

The task is divided info two phases: Phase | is a study of the optimum pit

" configunation for generator protection; Phase 11 is a study of optimun location:

{including pits) of genermtors relative to a protective shelter, and will ccsider
such foctors os generator size, operational dependability, air requirements, and
biast overpressure range. Only Phase | is discussed in this report; Phase {l will
be reported separately. -

This inv 2stigotion was sponsored by the Defense Atomic Support Agency
through the Bureau of Yards and Docks.

EQUIPMENT -

. The equipment (Figures 1o ond b} consisted of a compression chamber; the
shock tube; the mode! of the piv, including any attachments thereto; and the
necessary instrumentation. 1ie shock was generated by brecking a frangible
diaphragm, releasing air from the compression chamber. The compression chamber
was a 60-cubir-foot cylindrical tank of somewhat greater cross—sectional area
than the shock tube itself. It could withstand pressures in excess of 100 psig, but
most of the tests were made with pressures of 50 psig os o safety precaution against
rupiuring the shock tube. Chamber pressures of 50 psig give a overpressure of
about 10 psig in the tube, itself.

The shock tube was 1 foot square and 38 feet long. [t was made of seven
5-foot sactions, plus a 3-foot model section, and could be shortened by omitting
sections. For the tests, the shock tube wos anchored to @ 24-inch T -beam after
the length and permanent location of the model saction had been determined.
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A mylar diaphrogm, 8 inches in diameter, saparoted the shock tube from the
compression chamber. Two layers of mylar, each abcut 0.005 inch thick ana wapable
of withstanding 45 to 50 psig, were used in these tests. For convenience, when the
pressure approached the notural breaking point, the dicphragm was biclen by a wax
projectile chot from o mdified .22 caliber rifle.

The effects of overpressure were studied wi.t. the model section mounted at the
end of the shock tubs. The model section was 3 feet long, with a pit 30 inches long,
12 ir.ches wide, and 10 inches deep, mounted in the bottom. The pit could easily be
reduced in size. In most of the tests, the pit was 9 inches wide, 18~3/4 inches long,
ond 9-1/2 inches deep.

To keep the overpressure from decaying too mpidly, a choke (Figure 2) made
of severol layers of metal lath was fostened to the end of the shock tube. This choke
increased the positive-phase duration from about 40 milliseconds to about 490 milli~

seconds. The overpressure was measured by four pressure cells and recorded onan =

oscillograph. These pressure cells could be installed along tha side of the shock
tube, at o number of locations provided, and on the side and bottom of the model
section.

The effezts of dvmamic pressure were studied with the model pit mountad on o
horizontal plane surface directly downstream from the outlet of the shock tube
{Figure 1b). At this location, the dynamic pressure was about as strong as inside the
shock tube, but there appecred to be more freedom from questionable sercdynamic
behavior. During most of the tests the pit was mounted in a surfoce 36 inches wide

"and 40 inchus long.

The effects of dynamic pressure were measured by wires of 1/16-inch solder
mounted as cantilevers on o suitable base (Figure 3). The wire< in this matrix bend
more or less according to the dynamic pressure and, within their obvious limitctions,
provide a satisfactory method for qualitative measurement of dynamic pressure and
pradiction of proboble generator dumage. They interfere very little with the aero-~
dynamic flow and give a picture of the dynamic pressure pattern throughout the pit.

PROCEDURE

Prior to tests, the shock tube and model pit configuration wos set up. Fresh
sheats of mylar were installed between the compressio. chumber and the shock fube,
ana the pressure was built up to the desired volue, usually 45 ur 30 psig. When the
detired pressure was reached, a charge was set off, breaking the dioshragm and
allowing tha shock to travel down the tube.
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When overpressure was measured, prussure cells were irstalied ot selected
stations along the shock tube and in the pit, and their outputs were recorded on the
oscillogroph. When dynamic presiure was measured, wire matrices were instolled,
vrually on the side of the model pit but sometimes on the bottom or downstream end.
After the shock, the wires were photographed. Since the measure.nents of dyramic
pressure were qualitative only, the photographic record was considered adequate.

PARAPETS AND COVERS TESTED

A number of model pit purapets and covers we ‘s tested, and the results were
compared with tests on the model pit alone. The comstruction details of the parapets
and covers are given in Appendix A. The ove.pressure and dynomic pressure tests
inciuded:

1. No pcropets or covers (Figure 4a).

2. Double-ramp parapet, 1-1/2 inches high, 45-degree slopes, 3-7/8 inches
thick clong bottom and 7/8 inches thick along top (Figure 4b).

3. Cover with 1-1/4=inch overhanging lip; mtio of area of rectangular
- ope “ing, A, to maximum possible opening, A, = 0.62 (Figure 4c).*

i

4, Cover with eight rectangular holes; area ratio = 0.62 (Figure 4d).*

0.62 (Figure 50).

5. Cover with armay of 1/2-inch holes; area ratio

6. Louvres arranged on horizontal plane; crea ratio = 0.62 (.Figure 5b).

7. Louvres arranged in a pyromid; area ratio = 0.62 (Figure 5¢).*

8. Grating; an approximately scaled model of groting used in Nevada Test
pits; area mtio = 0.80 (Figure 5d).
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DISCUSSION

Equipment

Overpressure Equipment Considerations. Once the shock tube had been
designed and built, it wos necessary to axamine the shock that was obtained, and
to consider possible modifications and additions to the shock tube that might result

'y
.

* Used in dynamic pressure studies only.
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in improvement. Figure & shows the pickup stations. These are mecsured in inches
along the shock tube, storting from the diaphrogm. Figure 7a thows the variation of
overpressure with time ot stations 52, 202, 293, and 450. When *he shock starts down
the tube, the front is steep, the top nearly flat, and the decay fairly rapid (about

100 milliseconds), but as the shock travels down the tube, the frort gets even steeper,
the flat top shortens, cnd the decay becomes more mpid (about 15 milliseconds). The
ideal shape is an instantaneous rise to o maximum folfowed by a relatively fong
exponential decay (positive-phase duration).. A number of ideas were tested in order
to improve the shape. These ideas included reducing the velume of the compression

. chamber by partially filling it with water; placing a baffle a shor* distance in back
of the diaphrugm to control the reflected shock; pla-ing o perforated disc in back of
the dicphragm so that mare time is requised for all of the air to lecve the compression
chamber; lengthening the shock tube; changing the pasition of the model section in
the tube; examining the breaking properties of the mylar diaphragm; and placing a
choke over the end of the tube.

Most of these ideas have little or no effact on the shape of the shock. A
75 percant increase in the length of the tube produces ve-y minor improvement, and,
as space was limited, this approach to the probiem did not seem promising. There
was no question that the best plece for the model section is at the end of the tube.
It wos also determined that if the mylar breaks near its natural breaking point, a
bette: ~shcpec shock is obtired, but this behavior is by no means critical. Of the
ideas investigated, only the choke over the end of the tube provides an appreciable
increase in the positive-phase duration. The most satisfactory choke consists of
severol layers of expanded metal lath (Figure 2). Figures 7a, b, ¢, and d, show the
effect of 0, 2, 4, and 6 layers of this iath and the increase in positive-phase duration
cbtoined. :

Dynamic Pressure Equigneﬁ' Comsiderations. Far dynamic pressure tests, the
pit was mounted outside of the outlet of the shock tube in order to eliminate
undesirable effects from the sides ard top. ’

The gcges ordinarily used for mecsuring dymamic pressure disturh the
aerodynamic flow. However, long thin objects, such as telephone poles, smoke
stacks, and electric wires, are quite sensitive to dynamic pressure, but not to over-
pressure. Thus, it should be nossibie to measure qualitctively the amount of dynamic
pressure by using wires and observing how much they bend when subjected to a
shock. The wires must be of suitabie length ond made of a mcterial that will remain
as deflected and not spring back. It was found that 1/16-inch soldar is o satisfoctory
material. After experimenting with this mathod of determining dynamic pressure, it
waos discoverad that o similar method had teen used Uy it.» Suffield Experiment
Station in Canada.?
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Figure 8 shows matrices of wires in two of the ormngements used in the tests
discussed in this report. In Figure Bag, the wire matrix was mounted on the bottom of
the pit; in Figure 8o, it was mounted on the side. The arrow indicatss the direction
in which the shock was travelling. Figures 9a and b show an arrangement of wires
on both the leading adge and in the bottom of the pit hefore und ufter a test,
respectively. The photogrephs of wire matrices were usually taken in o special -
set-up constructed for the purpose, rather than in the model pit, which presented
problems of obstruction ond lighting.

" n the first tests, the wires were of different lengths (Figure 9a). The .longer
wires bend more easily, and since the longest wires . 1 the leading edge of the pit
were not much longer than the shortest wires on the bottom, Figure 9b shows that
the dynamic pressure in the pit was less than in the shock tube itself. After the
first tests, the wires were kept the same length. In using this method of measuring
dynamic pressure there is o threshold pressure, which is difficult to detarmme, belw
which the wires will not bend.

While investigating the equipment, tests were made with several sizes of
pits: 9 by 18-3/4 inches in plan by 9-1/2 inches deep (Figure 10a); 12 by 15 inches
in plaa by 10 inches deep (Figure 10b}; and 9 by 11-1/4 inches in plar by 10 inches
deep (Figure 10c). These figures show o comparison of the pressures in three different
size pifs. Frc 7 these figures, the d' namic pressure in the pit appears to be less when
the pit is smaller. Actuolly, the dynomic pressure will be less when the dimension of
the pit in the direction of the shock is shorter. In proctice, the shape of the pit will
probobly be determined by the shape of the equipment ta be ploced in it. However,
if the thock can be expected from any direction and several pieces of equipmeat are
to be installed in the some pit, this equipment should be armangud so that the pit
opening can be as nearly square and ¢s small as practical.

The cerodynamic behavior of the shock, using the 9- by 18-3/4-inch pit
mounted in the open, is shown in Figures 11a, b, and c. Figure 1la shows a vertical
arrongement of wires after a test was mode. |t can be seen that the height of the -
shock was well maintained. The horizontal arrangement of wires Figure 11b} shows
that the widrth of the shock ot the leading edye of the pit wos cbout the same a5 the
width of the tube, but narrowed and deteriorated somewhat in strength at the trailing
edge. Figure Vlc shows results of o test made with a cover over the pit to determine
if the daterioration in strength at the tmiting edge was due to the presence of the
pit or to some other cause, With the pit ccvered, the shock did not deteriorate at
the trailing edge but narrowed slightly. This narrowing had been observed previously
and was the reason for using a pit ? inches wide rather than one as wide as the
Twelva-inch Shock Tube. A pit 9 inches wide and 18-374 inches lang is 1/16 the
vize of a typical pit used with the microwave towers. It is alsc about 110 6.4 the




size of the pits used at the Nevado Test Site. Figure 1lc indixutes a satisfactory
behavior, and the tests were conducted using the 9= by 18-3/4~inch pit mounted
in the open at the end of the shock tube.

Test Results

In the overpressure tests, the compression chamber pressure was 45 psig, and
two layers of 0.005~inch mylar were used for the diaphrogm. Figures 1Za ond b
show the variation of overprasscre with time at pickup stations 293, 412, 450 (over
the pit), and 450 (in the pit). Figure 12b shows the result of usirq a 4-layor choke
over the end of the tube. In either ccse, thers wus no significan® difference between
the overpressure in the pit and in the tube itself. Figure 12b is the basic shock shape
used in moking overpressure tests. Figures 13a, b, ¢, and d show results with the
double-ramp parapet surrounding the pit, the cover with a large number of holes, the
reprodused grating, and the flat louvres, respectively. Again, in no case was there
a significant difference between the overpressure in the pit and in the tube, and,
more important, no variation could be detected in the overpressure in the pit with
the different parapets and covers. Because the effect of the porapets and covers on
the pit overpressure is 30 insignificant, tests were not made with the {ip, the cover
with the eight rectangular holes, or the pyromid louvres.

In the .lymmic pressure tests, hwo layers of 0.005-inch mylar were again used
for the diaphragm. As mentioned previously, the pit was on c flat surface at the end
of the tube and not in the mode! section used when studying overpressure.

Figure l4a shows tie pattern of flow using a wire mctrin in the 9~ by )
18-3/4~inch pit with no parapets or covers. Wires on the side of the pit show the
aerodynamic flow pnttemn better than wires on the ends, bottom, or elsewhere. The
dynomic pressure in the pit was a fraction (perhags 1/10 or less) of that in the shock
itcelf; the wires in the pit, although much longer, were not bent as much as those on
the leading edge of the pit (Figure i1b). Thus, without any parapets or covers, the
pit gives good (but not good enough) protection against dynamic pressure. The

" Ballistic Research Laborotory reports several field ond shock tube tests3 which also
lead to this conclus’on.

With the double-rump parapet (Figure 4b) surrounding the pit, the dynamic
pressure was reduced sufficiently ot the tap 3o that only the wires in the uppér
right corner were bent (Figure 14b). However, a comparison of the pattem of flow
from this test with that from the test using no parapets or covars (Figure 14a) shows
that the wires in the bottom of the it were bent about as much as when no parapet
surrounded the pit. The doubla~mmp parajmt, theretore, witl nat improve the
protection if the equipment is mounted on the floor of the pit, but might do so if
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the equipment were mounted on pilings. Failure of the wires to bend does not
indicate that dyncmic pressure is absent, but rather that the dynamic pressure is
a small fraction of that in the shock tube, perhaps 1/25 or less.

The next test used a cover with a rectangular opening (FigLre 4c). The area
ratio {i.e., the ratio of the area of the opening to the area of the completely open
pit) was 0.62, requiring an overhanging lip of 1-1/4 inches on all four sides. This
cover and its effect on the dynamic pressure can be seen in Figure 14c. The dynamic
flow pattern is similar to that when no parapets or covers are used, but fewer wires
are bent showing that the flow pattern is about half as wide and :uggesting that the
dynamic pressure has not been greatly reduced othe-vise.

The dynamic pressure can be reduced by decreasing the total area of the
openings in the cover or by dividing the total area into a number of smaller areas
or by doing both. A cover was constructed with eight rectangular openings
(Figure 4d) with an orea rmatio of 0.62. With this cover (see Figure 15a) very few
wires were bent showing that the dynamic pressure is much less than with the
unprotected pit and sugges!s that the total area of the openings should be divided
still further. Reducing the area itself was not given much consideration because
doing so would also reduce the ventilation.

Next, - cover with a large number of small holes was constructed, still with
an area ratio of 0.62 (Figure 5a). Most of the holes were 1/2 inch and o few were
1/4 inch. This cover reduced the dynamic pressure to a value too low to be detected
by the wires (Figure 155). Upon comparing the bending of the wires in Figure 15b
with the bending in Figure 14a (no parapets or covers), it seems reasonable to con-
clude that the protection to equipment in pits with this cover would be practically
complets.

Louvres were used in the next group of tests (Figure 5b). In the first of these
tests, the louvres were tilted away from the shock tube, and there was no noticeable
dynamic pressure in the pit (Figure 16a). Then the louvres were rotated so the shock
approached from the side. Figure 16b shows that the protection was much better
than might be expected. Because the pit was longer than the tube was wide, the
wires had to be placed on the end in Figure 16b. Finally, the louvres were reversed
(Figure 16c). Even in this unfavorable orientation, the louvres gave more protection
from dynamic pressure than did an open pit (Figure 14a). Nevertheless, the louvres
will not be os satisfactory as some of the other covers if protection is required from
shocks arriving from any direction. The louvres would also be un expensive cover
to construct.



To preclude an unfavorable orientotion, a four-sided louvre pyramid (Figure 5c)
was constructed. This pyramid wa. tested lengthwise, crosswise, and edge-on to the
shock, and the results are shown in Figures 17a, b, 184, b, ond c. When the pyramid
was crosswise or lengthwise to the *hock, the dynamic pressure was low, but not as
low as with some of the other arrangements. However, edge-on to the shock, the
pyramid performed poorly. For this reason, and because it, too, is expensive to con-
struct, the louvre pyramid need not be considered further.

The last cover tested was a scaled reproduction of a grating (Figure 5d) used
at the Nevada Test Site. Figures 19a and b show that this grating was ot least as
effective in reducing the dynamic pressure as were any of the other covers. The
damage which occured to the generators in the Nevada Tests! was relatively minor
from the standpoint of repair, but nevertheless important 1o shelter operation. How-
ever, since the gratings were torn loose by the blast thereby partially uncovering
the pits, the possibility that this damage was caused by dynamic pressure cannot be
ruled out.

Figure 20 shows the grating as reconstructed from illustrations and other
information in Reference 1. From this drawing, the reproduced giating was designed
and built to a scale of 1 to 6.4. The openings are small, and the area ratio is 0.80
as compared with 0.62 for the other covers, which should make this grating attractive
to use when ventilation requirements for equipment in pits are severe.

Model Study

The justification of the model discussed in this report is given in Appendix B.
The geometric scale determines the size of the model relative to the prototype.
Whatever the geometric scale, the time changes by the same ratio, but the rest of
the pertinent quantities scale the same in the model as in the prototype. For example,
the linear dimensions of the pits used in the Nevada Tests were approximately 6.4
times those used in the model discussed in this report. From Figure 12b, the over-
pressure in the model was 10 psig with a positive-phase duration of 340 milliseconds.
The corresponding pressure and positive-phase duration in the prototype would be
10 psig and 2.18 seconds (6.4 x 340), respectively. Using data from Reference 4,
these conditions can be shown to approximate those produced 10,000 feet from
ground zero by a 1-megaton nuclear air blast at a 6000-foot altitude. There are
innumerable other combinations of distance, yield, and altitude which will give
the same 10-psig and 2.18-second condition. There is no apparent reason to believe
that the relative reduction in dynomic pressure is less for overpressure shocks greater
than 10 psig.
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FINDINGS

The parapets and. covers used in the attempt to reduce the dynamic pressure

inside the model pit may be grouped as follows: parapets {double-ramp parapet)

swerounding the pit, special structures (!ouvr?, ,leuvre pyramid) ar.d flat covers
{rectongulor openings, gratings). None of these pormpets or covers reduce the
overpressire by @ measurable amount, pointing to the conclusion that no signifi-
cant reduction in pit overpressure con be obtained by -using any paropet or cover

“that cllows the free flow of air in sufficient quantity to ventilate genemtors.

The possibility of.reducing the dynamic pressure in the pits is more hopeful.

" All of the paropets and covers reduce the dynamic prassure, but not to the same

extent. Paropets surrounding the pit give the least reduction, and it is doubtful if
the udditional protection to the generator is great encugh to warrant their
consideration,

Speciol structures moy reduce dynamic pressure by o great or slight amount
depending on the design of the particular structure. The iouvres and louvre pyramid
are not completely satisfactory because their protection is directional. In ony case,
specicl structures are elaborate and expensive to construct. Flat covers show more
promise because they are relatively simple, economical, ard highly effective.

Flat covers can include a multitude of designs, some effective and others not
so effective, but most “pduce the dynamic pressure in the pit either by reducing the
total area of the pit opening or by dividing the pit opening into many small sections.
The latter approach is Getter because the ventilation is reduced much less. The flat
covers with several hundred or more small openings are especially efiective in
reducing dynamic pressure and may reduce the dynamic pressure up to fifty times
its value without the cover. Under this circumstonce it is difficult to believe that
any damage will occur to generators or other equipment.

The limited study of pit sizes and «'.cpes indicates that the narrower the pit
perpendicular to the blast, the greater the protection from dynamic pressure, Since
the shock could come from any direction, the equipment should be arranged, if
possible, so that the pit could be nearly squere and as small as practical,

CONCLUSIONS

1. Parapets and covers (grills, gratings, louvres, etc.) which provide a free flow of
air sufficient to ventilate generators do not appreciably reduce the overpressure in
a pit.
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2. Suitable parapets and covers can appreciably reduce the dynamic pressure inside
o pit. OFf the covers tested, those with a large number of small openings are the most
effective.

3.! The dynamic pressure inside a pit probably cannot be reduced greatly below that
provided by the gratings used in the Nevada Tests (if these gratings are not torn
loose). ’
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Figure la. Twelve-inch Shock Tube and associated equipment;
mode! section in place.

Figure 1b. QOpen pit installed beyond end of shock tube.
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Figure 3. Matrix of wires ready for instatiation.
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Figure 4b. Double-romp parapet.
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Figure 4a. Pit without parapet or cover,

Figure 4d. Cover with eight rectungulor
openings (A/A, = 0.42).
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Figure 7b. Typical shock tube behavior with two layer!
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“shavior with two layers of choke.
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Figure 8a. Matrix of wires mounted on bottom of pit. Figure $o. Wires used in sample test: before test.

Figure 9. Wires used in sample test: ofter test.




Figure 10a. Dynomic pressure in pit 9 by 18-3/4 inches Figure 10c.
in plan by 9-1/2 inches deop.

Figure 10b. Dynamic pressurs in pit 12 by 15 inches in
plan by 10 inches deep.

MR -

Dynamic pressure in pit 9 by 11-1/4
in plan by 10 inches deep.
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?“ ertical flow pattem (open pit).

Figure 11c. Horizontal flow pattern (covered pit).
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Figure 12a. Overpressure in pit 9 by 18-3/4 inches without choke.

Time (maec)




e # ERRAREL ST T e panrs s an s e o e s el =

402

e

Station 450"
{model section)

bod "
e

[
|
|
|
|

|

Station 450" .
(bottom of pit)

,\’WMM ——

[ N T

Peknis

10 msec

Time (msec)
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double~ramp parapst surround

Figure 14b, Dynomic pressurs in pit 9 by 18-3/4 inches;

no parapets or covers.

Figure 14a. Dynamic pressure in pit 9 by 18-3/4 inches;

.
’

Figure 14c. Dynamic pressure in pit 9 by 18-3/4 inches
1-1/4 inch li




cover with small holes (VAO = 0.62).

Figure 15h, Dynamic pressure in pit 9 by 18-3/4 inches;

cover with eight rectangular openings

(A/Ao = 0.62).

Figure 150, Dynamic pressure in pit 9 by 18-3/4 inches;
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flat louvre, sidewise (A/Ao = 0.62).

Figure 18b. Dynamic pressure in pit 9 by 18-3/4 inches;

pit 9 by 13-3/4 inches;

frontwise WAO = 0.62).

flat louvre,

Figure 16a. Dynamic pressure in

Figure 1éc. Dynamic.pressure in

.
r

i}

a1t 9 by 18-3/4 inches

backwards (A/Ao = 0.62).

flat louvre,
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re in pit 9 by 18-3/4 inches

namic pressu
pyramid louvre, sidewise Ay = 0.62).
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Figure 17b,

pyramid louvre, lengthwise (A/A, = 0.62).

Figure 17a. Dynamic pressure in pit 9 by 18=3/4 inches;




4§93} Uo $811m ‘uo-ebpa-ysp|q ‘sasAn0| pjwoidd
fsoyauy y/E-g1 Aq ¢ 41d up sanssaud djuoudg *qgy aanBiy 1594ouy ¥ /-8l Aq ¢ 41d u) sanssesd ojwoudQ

(290 = °v/) pue puo wojjoq
UO saaim ‘uo-8Bpa-ysoiq ‘sasano] prwoikd : ’
soyoul ¢/e-81 Aq ¢ 41d vl eumssard ojwbuAg *agy eanbiy

"y et Bt

"29'0 = °v/v) op1s 29°0 = °v/¥) opis 446U

UO $84|M "UO-0B8pe-j50{q ‘s2iAn0| piwoiAd

*og| @anByy

31

e e e s SRS

I

-

4

R SISO

P Sy




Figure 190, Dynamic pressure in pit 9 by 18-3/4 inches;
grating lengthwise, wires on side (A/A, = 0.80).

Figure 19b. Dynamic presswre in pit 9 by 18-3/4 inches;
grating crosswise, wires on end (A/A, = 0.80).




PESPNEER A

Vet bars @ 24"

. 1 5 i
P—
i g %" bars J
Comaer Detail
e - H
bar degth = 1°
:: - BN S S
U .
:: .
4
3 .
3
~
]
1
{1 :
{
3
. e

Figure 20. Prototype grating reconstructed from Nevada Test photos
and dmwings] (typical section detailed).

33




Appendix A
DESIGN OF THE VARIOUS PARAPETS AND COVERS

. Double-kamp Pcrapets (Figure 4b). These surrounded the pit and were located

on the edge.
Cross 5050600!:
'—"-"-l Area ratio A/A, = 1.00.
' A ~ total areq of cover or
”‘:" attachment openings
A, = area of pit opening
2. Cover With Lip (Figure 4c).
r__—“ *“_—*' odge of pir
__________ —/
b T e ) : ‘
Ry exl | ¥ Area ratio A/A = 0.62
| L 1% -_1- (-]
J.____L !

thickness = %

3. Cover With Rectangular Openings (Figure 4d).

edge of pit yi

Area ratio A/Ao = 0.62

thickness = 4"
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4. Grating With Holes {Figure 5a).

]
1+ @—%Ggﬁ%—@%— @ = location of Yirinch holen.

9~ % <inch holes are located
2 i o O O opposite * 2, "4," "4, etc,,
O O O . on both sides (Io;:ﬂwiu)

of ~sver. Total

2 3 ¢ s-'—-(m-lae)
L i

= location of ¥ cinch hules.
Tatel 522.

T-80070

{roral 15) — 18 %"

Ares ratio A/A_ = 0.62

5. Flat Louvres (Figure 5b).

Louvre width, 1-3/16 inches wide, symmetrical about reference plane
Numtsr of louvre openings = 24

Thickness of louvres = 1/16 inch

Spacing between louvres (measured along horizontal plane) = 0.645 inch
Louvre angle with horizontal = 45°

Ribs: Two, longitudinal, each 1/16 inch thick, placed so as to divide the
louvre system into three longitudinal sections

Area ratio A/Ao = 0.62

6. Louvre Pyramid (Figure 5¢).

Short faces had 9-inch bases

= Long faces had 18-3/4-inch bases
o= N Number of louvre openings = 9 (each face)
- o . Thickness of louvres = 1/16 inch

. Spacing between louvres measured parallel to face = 0.988 inch (short face)
and 0.454 inch (long face)

Thickness of braces = /16 inch
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Louvre angle with horizontal = 65° (both faces)

Louvre angle with plane of face = 50° (short face) and 35°50" (long face)
Pyramid angle with horizontal = 15° (short face) and 29°10" (long face)
Width of louvres = 1 inch, symmetrical about plane of face

Area rotio A/Ao = 0.62

~ 7. Grating (Figure 5d and Figure 20)

The dimensions were estimated from the phatoaraphs in Reference 1, and may
be obtained by dividing those shown in Figure 20 by 5.4.




FTI

T VIR 0 O YN NG R I BT 40 LD hon o i et~ 2+ it o e e

Appendix B

MODEL JUSTIFICATION

The approach to the model study was based on that in Reference 5. The
pertinent quantities are: ;

. 2
Nu(r:\)be r Symbol Pertinent Quantity DimensionsV/ Scale (:c.:)cfor_/
H
1 P Pressure in pit FL-2 ]
2 Q | Pressure of applied shoek | . FL~2 1
3 Linear geometrical factor L n
{length, depth, etc.)
4 T Duration of impulse - T n
5 v Velocity of shock Lr! 1
6 v Velocity of particles tr! 1
7 T Temperature 8 ]
8 R Gas constant Fm-lem L 1
9 P Density of air _Ml.'3 1
10 p | Viscosity of air ML 1
n e | Bulk modulus FL™2 T
12 vy | Velocity of sound tal 1

1/ Dimension symbols:

F

L

Te
M
e

i

Force

Length

Time
Mass

Temperature

2 The determination of scale factors is shown later in the dsicussion.
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There ure twelve pertinent quantities and only five dimemsions; therefore,
seven Pi terms are required. Further, certain quantities must scale the same in the

.model as in the prototype. These quantities are temperature, gas constant, density

of air, viscos.ty of gir, bulk modulus, and velocity of sound. Also, the geometrical
factors scale by n, the arbitrary scale factor that determines the relative size of the
prototype and the model.

The foliowing Pi terms apply.

“a" refers to the scale factor for the quantity

whese rumber (from the list of purtinent quantities) is indicated by the subscnpt.
Thus, "ag" is the scale factor for velocity of shock.

Pi Term
Number

Algcbmic
Form

ole

2>

Dimensional Analysis

Dimensional Form

L-2

-y

e ygmy |

FL-2
n?_
FL-2

Scale Factor

-1

=1

. N




g1l b

Since a7 = ag = ag = ayg = ay) = a1 <. 1, and a3 = n, the following
equations are obtained: ;

1. a; = o,

2, oy = 6405 =n

3. a5 = a,

4. agdsmg = a, = 1

5. ap =9y = 1

8 ogagay = aygi nlag) = !
7. ag = ayy = 1 .

From these equations (excluding Equation 6) it follows that:

a, = l,az = 1,05 = l,a6 = lundo‘l'- n

The values of the o'; now satisfy all of the Pi terms except number 6, which
is ‘he Reynolds' number. Inasmuch as the Reynolds' number in the present study is
quite high and its effect is more or iess constant above 100, it makes little difference
if Pi term number 6 is scaled or not. It is impractical to scale the Reynolds' number,
and the foregoing provides o reasonable opproximation (Reference 5, Article 73,
pages 158-159). '
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